To determine whether an electronic data surveillance system, or Data Sniffer (DS), could reduce the rate of hyperoxic episodes (HEs) among premature neonates being managed by a standardized respiratory treatment protocol (RTP). STUDY DESIGN: A total of 86 infants born at o29 weeks of gestation were included in the study. The rates of HEs were compared among four epochs (E) as follows: E1: no RTP, no DS; E2:with RTP, no DS; E3: with RTP, with DS; E4: with RTP, no DS. RESULT: After implementing the RTP in E2, the rate of HEs was 44% lower than that of E1. Activating the DS in E3 further reduced HEs by 26%, whereas its deactivation in E4 resulted in a rebound in HEs to baseline rates; Po0.0001 for each comparison. CONCLUSION: The implementation of an electronic data monitoring system was associated with less frequent episodes of hyperoxia among premature neonates. (2013) Keywords: automatic data processing; hyperoxia; neonatal intensive care units INTRODUCTION Hyperoxia is a well-known cause of retinopathy of prematurity and chronic lung disease in premature neonates.
INTRODUCTION
Hyperoxia is a well-known cause of retinopathy of prematurity and chronic lung disease in premature neonates. [1] [2] [3] As a result, many neonatal intensive care units (NICUs) target specific, safer oxygen saturation ranges for this at-risk population. However, adherence to target saturation limits by NICU staff is complicated by a variety of factors that may result in frequent and prolonged periods during which a neonate's oxygen saturations are well outside the targeted range. 4, 5 Thus, there is a need to develop system-wide mechanisms and tools that would allow clinical teams to increase adherence to targeted oxygen saturation goals and, by extension, better implement the respiratory treatment protocols (RTPs) instituted by their respective NICUs.
There are examples in adult critical care settings in which electronic data surveillance systems have improved clinical care processes and patient outcomes. Specifically, real-time data surveillance tools (DSTs) have been designed to alert clinicians of the development of acute lung injury so that appropriate changes in ventilation strategies may be expedited, reducing morbidity and mortality. 6, 7 We developed an automated DST that is capable of both identifying premature neonates who have deviated from targeted oxygen saturation limits and notifying the appropriate staff so that interventions can be made to correct their oxygen saturation values. We hypothesized that the implementation of this DST would decrease the rate of hyperoxic episodes (HEs) among infants being managed by the RTP of our NICU.
METHODS

Clinical setting
The study was conducted at Mayo Clinic in Rochester, Minnesota, a tertiary care teaching institution with a 26-bed NICU that admits B40 neonates born at o29 weeks of gestation per year. Data for the study were collected from August 2008 to February 2012 and included infants born at o29 weeks estimated gestational age who received supplemental oxygen at anytime during their NICU admission. The study was approved by the Institutional Review Board at Mayo Clinic.
Respiratory treatment protocol
Our NICU developed an evidence-based RTP that went into effect in May 2009. This protocol stipulated inclusion of all infants born at o29 weeks of age and included the following guidelines:
(1) Maintain oxygen saturation (SpO2) 85 to 92% as estimated by pulse oximetry with the saturation probe on the right hand. The RTP is to be used from birth until discontinuation of supplemental oxygen, regardless of gestational age. Before epoch 4 (E4), the RTP was modified such that SpO2 limits were increased 90 to 97% at 32 weeks corrected gestational age or at the first eye exam, whichever occurred first.
Data sniffer
The infrastructure of the electronic surveillance system, or Data Sniffer (DS), and an example of its use is described in Figure 1 . Respiratory data (SpO2 and fraction of inspired oxygen (FiO2)) from neonates receiving supplemental oxygen via an Evita (Dräger, Lü bek, Germany) oxygen source are automatically downloaded to the electronic medical record every 15 min. An SQL-based integrative database (Multidisciplinary Epidemiology and Translational Research in Intensive Care (METRIC) DataMart) gathers information directly from the electronic medical record in real time and served as the main data source for the DS.
The DS engine uses the Java programming language to query METRIC DataMart for episodes of prolonged hyperoxia. The DS was designed to actively 'sniff' respiratory data in real time for infants with a daily weight of o1.5 kg and within the first 60 days of life. The DS was programmed to detect HEs as defined as three consecutive SpO2 492% measurements (each separated by 15 min) in a neonate receiving supplemental oxygen. When a HE is detected, the DS triggers an automated page that alerts the respiratory therapist and charge nurse of the prolonged hyperoxia. After the alert, it is expected that the respiratory therapist and charge nurse visit the neonate's bedside and assess oxygen delivery and make necessary changes to keep the infant within the limits set forth by the RTP.
Study design
The study was divided into four epochs (E) of equal duration as follows: E1: no RTP, no DS; E2: RTP, no DS; E3: DS, RTP; and E4: RTP, no DS. The timeline of the study design is outlined in Figure 2 .
We retrospectively reviewed SpO2 and FiO2 data for all infants included in the study from time of birth until discharge from the NICU or death, whichever came first. Retrospective data retrieval enabled us to compare the rate of HEs between the four epochs. A HE, or 'event', was defined as SpO2 492% for 30 consecutive min in a neonate receiving supplemental oxygen (FiO2 421%). SpO2 data are collected at 15-min intervals, and therefore a defined episode would consist of three consecutive SpO2 measurements 492% at 0, 15 and 30 min. The rate of HEs was determined by dividing the number of 'events' by the total number of SpO2 measurements while on supplemental oxygen. The rates were reported as episodes per 1000 SpO2 measurements.
Secondary to the clinical practice change before E4 described above, the detection of HEs during E4 was limited from birth to 32 weeks corrected gestational age or the date of the first eye exam. However, in calculating the rate of HEs during E4, we continued to use total SpO2 measurements while on supplemental oxygen for the entire NICU stay as the divisor. This was done to maintain a consistent denominator among epochs and by so doing underestimated the actual rates of HEs during E4.
Statistical analysis
The Student's t-test was used to determine statistical significance for continuous demographic data (gestation age, birth weight, hospital stay). Binary categorical data (sex, HEs rates) were analyzed by Pearson's w 2 test. Two-sided P-values of o0.05 were considered to indicate statistical significance.
RESULTS
The total number of neonates who met inclusion criteria during the study period were 86. The baseline characteristics among the four epochs are described in Table 1 . The mean estimated gestational age was similar among all epochs. All characteristics were similar when comparing E2 with E3 and E3 with E4, respectively. Figure 3 demonstrates the HE rates graphically.
DISCUSSION
In this prospective cohort study we showed that the implementation of an electronic data surveillance system reduced the rate of HEs among premature infants. These gains were achieved even in the setting of an already reduced rate of events that was associated with the implementation of the standardized respiratory protocol of our NICU. That these gains resulted specifically from the DS was further suggested by the rebound in hyperoxic events following its discontinuation.
It is well known that neonatal retinal and pulmonary development in the premature neonate is adversely affected by hyperoxia. Several single-center and large, multicenter trials have demonstrated that infants randomized to lower oxygen saturation limits have lower rates of retinopathy of prematurity and chronic lung disease compared with infants targeted to maintain higher SpO2 values. [1] [2] [3] 8 However, the recent finding of increased mortality rates among infants randomized to the lower saturation targets has brought into the question of the safety of targeting low saturation values among extremely premature infants. 3, 9 There is difficulty, however, in associating the outcomes of targeted oxygen saturation values directly to the actual oxygen saturations the infants are achieving. The SUPPORT and STOP-ROP trials, two of the largest to date, both demonstrated significant overlap between the saturation ranges that were actually achieved in the low-and standard-saturation groups. 2, 3 In a multicenter study, Hagadorn et al. 4 demonstrated that 28-weekold neonates during the first 4 weeks of life were above the targeted oxygen limit 20 to 73% of the time. Two smaller studies Figure 2 . Timeline of the study. E, epoch. showed that very low birth weight infants were only within the desired oxygen saturation ranges set forth by their institutions just over half of the time. 5, 10 Given these findings, it needs to be emphasized that changes in clinical outcomes may not correlate with different pulse oximetry targets, because these intended targets themselves do not necessarily lead to changes in SpO2 values. As a result, it is imperative that we develop systems that truly maintain patients at targeted oxygen saturation values so that we can better correlate the effect of SpO2 on outcomes and more accurately determine the SpO2 that we should aim in this population. The development of our electronic DST is one mechanism that we feel can be used to help achieve this goal.
Our DS was developed to provide an automated means of oversight of the systems by which we typically seek to achieve safer oxygen saturation goals. Specifically, the DS was intended to counterbalance two specific variables known to be associated with deviation from targeted saturation goals: individual nurse oversight and inappropriate bedside alarm limits. Most NICUs rely on bedside nurses to identify oxygen saturations above the target range, a task that must be performed among many others, possibly leading to delayed identification of hyperoxia. Many studies have shown that increases in nurse workload and nurseto-patient ratios lead to deviation from respiratory protocols and increases in morbidity and mortality. [11] [12] [13] [14] In addition, some nurses may not be fully aware of their institution's guidelines for oxygen saturations. A national survey demonstrated that fewer than onethird of NICU nurses could identify accurately the upper and lower oxygen saturation limits targeted by their institutions. 15 Additionally, nearly half reported individual saturation limits X2 percentage points different from the policy of their NICU. 15 Relying wholly on nursing staff to recognize and rectify deviations in SpO2 values may therefore lead to frequent and prolonged periods of inappropriate oxygen saturation among infants.
Another difficulty in maintaining targeted SpO2 values can be attributed to errors in bedside alarm limits, a tool utilized to alert nurses of inappropriate values. Very often, the alarm limits do not match the targeted saturation values and may be of minimal use in ensuring strict adherence to respiratory protocols. Clucas et al. 16 reported that in 144 infants the lower alarm limit was set correctly 91.1% of the time with the upper alarm limit being correct only 23.3% of the time. In 76.5% of cases, it was set higher than the target range and in 23.8% of the infants it was set to 100%. In our NICU, we noted that most cases of prolonged hyperoxia before the implementation of the DS were related to inappropriate bedside alarm limits. A common scenario would involve an infant who develops a new requirement for supplemental oxygen. Because alarm limits would have been set to 100% while the infant breathed room air, a failure to adjust the alarm limits to 85 to 92% would result in excessive oxygen administration and hyperoxia.
The use of an automated electronic data monitoring and staff alert system, such as the DS, may be used to reduce delays in staff response to clinical events by helping address the difficulties discussed above. By having continuous surveillance of the patient's oxygen supply and saturations, there is real-time recognition of which patients qualify for the RTP and where they reside in relation to the upper limit targeted goals. Thus, any prolonged periods of hyperoxia are immediately identified and rectified by an automated page to the respiratory therapist and charge nurse, a process independent of bedside nursing duties or alarm limits. Adding this extra level of surveillance and oversight demonstrates a specific example of how the use of electronic and automated tools can be used to directly improve clinical care. The use of similar electronic surveillance systems have been used and validated in adult critical care settings with promising success. 6, 7, [17] [18] [19] [20] The success encountered in both the adult and neonatal settings give promise to the generalizability of electronic data surveillance systems in many hospital domains. Designing and developing similar tools in the NICU setting can be beneficial in helping nursing and other staff carry out institutional respiratory protocols and better evaluate the true effect oxygen saturation values have on morbidity and mortality in the neonatal period.
Limitations
Our study design was complicated by an adjustment to the RTP of our NICU, such that the targeted SpO2 range was increased to 90 to 97%. As a result, in E4 we stopped surveillance for HEs at the time of the target change as opposed to continuing until discharge, as was done in the previous epochs. However, to correct for this in calculating the rate of HEs during E4, we used the total number of SpO2 measurements while on supplemental oxygen for the entire NICU stay as the divisor, as was done in all other epochs. By doing so, we actually underestimated the rates of HEs in E4, further strengthening our findings of increased rates of episodes after discontinuation of the DS.
CONCLUSION
The implementation of an electronic data monitoring system was associated with less frequent episodes of hyperoxia among premature neonates. Discontinuation of the DS was associated with a rebound in the rate of HEs. The data thus suggest that the DS was an independent factor in the reduced rates of hyperoxia seen in E3. An automated system such as the DS may increase compliance with respiratory treatment protocols.
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